Four different methods were used to make visible the nuclei of Escherichia coli strains B and WP 2, and Bacillus subtilis. They were: (1) Giemsa staining after acid hydrolysis ; (2) fluorescence microscopy after acridine orange treatment ; (3) acriflavine staining and phase-contrast microscopy ; (4) phase-contrast observations with high refractive index mounting medium (polyvinylpyrrolidone). Statistical analyses showed small but significant differences in nuclear counts between the methods. Methods 1 and 2 were somewhat preferable to methods 3 and 4 in that 1 and 2 were easier to score and there was less difference between observers. It was calculated that a single mean nuclear count, by any observer or method, based on 200 scored bacteria should 19 times out of 20 estimate the 'true ' mean nuclear number of E . coli WP 2 to within about k7.5 yo and of B.
INTRODUCTION
I n recent years a number of experiments designed to follow the fate of heritable changes in the bacterial genome during their subsequent segregation have been reported, for example after mutation induction (Ryan, Fried & Schwartz, 1954; Munson & Bridges, 1964) and also after recombination (Tomizawa, 1960) . To interpret the observed patterns of segregation it was necessary to know the average number of nuclei/bacterium in the initial population and, if possible, the proportions of bacteria containing 1, 2, 3, 4, ... nuclei. To do this most workers have used modifications of the Feulgen staining technique, in which fixed bacteria are exposed to a mild acid hydrolysis which results in the liberation of aldehyde groups on the DNA. These are made to undergo a Schiff reaction and the DNA becomes stained a very pale pink. As it is known that the RNA does not stain after such hydrolysis (Vendrely & Lipardy, 1946) , other less specific stains have been used, Giemsa being the most favoured because of the greater intensity of staining (Piekarski, 1937 (Piekarski, , 1940 Robinow, 1942 Robinow, , 1944 . The staining reaction with Giemsa after hydrolysis is abolished when the bacteria are treated with DNA-ase (Munson & Maclean, 1961) . These staining methods are not noted for their ease and simplicity, success being critically dependent upon the durations of the fixation and hydrolysis stages. Other methods of making nuclei visible have therefore been sought.
The property of nucleic acids of fluorescing under ultraviolet or violet radiation Anderson, Armstrong & Niven (1959) . They found that under certain conditions the DNA (nuclei) of Escherichia coli could be made to fluoresce green and the cytoplasm red.
The Feulgen-positive areas in fixed bacteria were shown by Tulasne (1949), Stempen (1950) and Mason & Powelson (1956) to coincide with areas of low refractive index within the cytoplasm of unfixed bacteria. These are normally only faintly visible with phase-contract microscopy but Barer, Ross & Tkaczyk (1953) were able to increase the contrast by altering the refractive index of the medium in whichthe bacteria were mounted. Mason & Powelson (1956) successfully used gelatin, and Schaechter, Williamson, Hood & Koch (1 962) polyvinylpyrrolidone (hereafter PVP) as highly refractive mounting media with living cells. We have found that the contrast in water-mounted unfixed preparations may also be enhanced by lightly staining with acriffavine or acridine orange. This is presumably due to changes in refractive index within the cell, possibly by differential binding of the dye to nuclear and cytoplasmic material.
In the present work we have compared statistically the mean numbers of nuclei/ bacterium in populations of bacteria, as found by using four different techniques representative of the known microscopic methods of making nuclei visible.
METHODS
Preparation ofsmears. The starting material for all the techniques used was a smear obtained by allowing organisms suspended in their growth medium to dry on a glass slide in a 37' incubator. These dried smears were stable for many hours. This enabled preparations from the same specimen to be observed by different techniques throughout the working day. The organisms used were Escherichia coEi strains B and B/r WP 2 growing exponentially at 37" in glucose+salts medium (in the case of strain WP 2 with a tryptophan supplement 6 pg.fml.), and Bacillus subtilis growing exponentially in Oxoid nutrient broth a t 37".
Giemsa-staining technique. The smear was fixed for 3 min. in osmium tetroxide vapour followed by 5 min. in Schaudinn's alcohol a t 37" and then stored in 70% (v/v) ethanol in water. It was then hydrolysed, for 5 min. in the case of Escherichiu coli strains or for 23 min. in the case of Bacillus subtilis, in N-hydrochloric acid at 57-58', washed in buffered water (0.0908 g./l. KH,PO,, 0.1188 g./l. Na,HPO,. 2H,O, pH 6.98) and stained with 10 yo aqueous Giemsa solution (G. T. Gurr, London) for 25 min. at 37". After further washing, water was removed by careful blotting and the preparations observed directly through immersion oil by bright field microscopy.
Fluorescence with acridine orange technique. One drop of aqueous 1 /5000 acridine orange (G. T. Gurr, London) and one drop of sodium hydroxide+acetic acid buffer (0.6 N-acetate, pH 4.5) were placed on the slide for a few seconds and thengently ashed off with a further quantity of pH 4-5 buffer. A coverslip was placed over the wet preparation and the nuclei observed by fluorescence microscopy. The fluorescence of some preparations faded fairly rapidly under illumination so that frequent changes of field were necessary.
AcrifEavine phase-contrast technique. The unfixed smear was stained for 1 min. Counts of bacterial nuclei Scoring procedure. Each preparation was scored independently by two observers. Several fields were scanned with the intention of scoring every bacterium within each field. Bacteria were recorded as having 1, 2, 3, 4 or more nuclei or as being unscorable and each observer scored about 230 bacteria per preparation. The number of unscorable bacteria in the first 200 observed was noted and the statistical analyses were based on the first 200 scorable bacteria recorded by each observer. The results were analysed for differences between treatments and between observers. 
RESULTS
There were relatively few unscorable bacteria and their omission from the analyses is unlikely to have contributed any significant bias to the results. It is clear from the data in Tables 1-4 that the four methods gave similar distributions of bacteria with Differences which are apparent in the distribution analyses are much less obvious in the mean nuclear numbers. When the latter are considered as a sample of a population centred around a mean value, the most probable overall mean value can be calculated and also the distribution of the individual estimations. If, for a given strain of bacteria, the 'true' mean nuclear number is m, and the mean nuclear numbers estimated by different observers and different methods are regarded as random observations from a normally distributed population of possible estimates of m, then an overall estimate of m (with standard error) can be obtained, and also a confidence interval for m given. The results show that a single mean nuclear count, by any observer or method, based on 200 scored bacteria, would 19 times out of 20 estimate m to within about & 7.5 yo in the case of Escherichia coEi WP 2 or about & 12 yo in the case of Bacillus subtilis and E. coli B. The corresponding 95 yo confidence limits for the overall estimates of m (from data by both observers and all four methods) were & 3.6 yo and & 5.7 %.
DISCUSSION
It is apparent from the quantitative data that all four methods made visible the same objects within the bacteria. It is fairly certain that the Giemsa and acridine orange fluorescence techniques make visible DNA, and the objects seen with the phase-contrast techniques are known to behave during the division cycle as one would expect of genetic material (Schaechter et al. 1962) . There is thus little doubt that, in strains in which the nuclear material exists as a discrete body, it is possible to make visible and estimate with reasonable precision the number of such nuclei in a given population.
The easiest to score were Giemsa preparations, where dark nuclei were seen in a pink cytoplasm. The technique was tedious, however, and very occasionally the results were so poor that scoring was impossible. The acridine orange fluorescent preparations were readily made and fairly easy to score once dark adaptation of t,he eyes had been achieved (usually by means of a velvet hood). Theoretically, resolution with fluorescent light should be slightly inferior to that with transmitted light, and in the former case this might have resulted in the underestimation of newly divided nuclei. There was, however, no indication of this in our results. The acriflavine phase-contrast technique was equally quick and required no dark adaptation. Nuclei appeared as small light areas in a dark cytoplasm and, although this made recognition more difficult than with the reverse contrast, completely unscorable preparations were extremely rare.
The polyvinylpyrrolidone (PVP) preparations were by far the most difficult t o score. Not only did the bacteria become detached from the slide but the contrast between nuclear and cytoplasmic regions was not great. In the published photographs of Schaechter et aE. (1962) the image had been reversed and the contrast considerably enhanced by photographic means. Other workers had reported that the concentration of PVP (or gelatin) was critical but we did not find this to be so.
The PVP (or gelatin) method has the important advantage that it is the only one which permits the observation of nuclei in living organisms, It is clear from the data given here that there is little to choose between the four methods as far as the quantitative estimation of nuclear numbers is concerned. Other factors might, therefore, determine the most suitable method for a given system in any future work. The differences between individual observers could probably have been decreased by scoring nuclei from photographs, but the loss of resolution for slightly out of focus nuclei appeared to outweigh the advantages of this procedure.
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